Background
Historically, influenza surveillance has focused on outpatient visits for influenza-like illness (ILI; defined as temperature ≥38°C with either cough or sore throat and no alternative diagnosis) and, among those with ILI, the proportion with laboratory-confirmed influenza, stratified by viral type/subtype. 1 Influenza surveillance in outpatients has informed current understanding about the seasonality and characteristics of influenza viruses, data that have helped determine the timing and composition of annual influenza vaccination. 2 Recently, the World Health Organization (WHO) has recommended that influenza surveillance also include sentinel surveillance for severe acute respiratory infection (SARI), which is often defined as ILI plus one additional symptom or sign of severe illness in a hospitalized patient. 3 The rationale is that severe outcomes of influenza have the greatest public health and economic impact and that identifying risk factors for severe illness informs vaccine policy.
The burden of influenza, specifically hospitalization rates attributable to laboratory-confirmed influenza, is well documented in industrialized countries [4] [5] [6] [7] [8] but less so in developing countries and in subtropical regions. [9] [10] [11] [12] [13] China is a lower middle-income country with the largest population (1Á3 billion) in the world. The burden of laboratoryconfirmed influenza among a defined general Chinese population has not been thoroughly studied. Although seasonal influenza vaccine use has increased dramatically, the vast majority of the Chinese population is not vaccinated annually. 14 During 2010, in the post-2009 H1N1 pandemic period, we initiated active surveillance for SARI in a central Chinese city. We analyzed data from this system during a 24-month period to characterize the epidemiology and estimate hospitalization rates attributable to laboratory-confirmed influenza.
Methods

Setting
Surveillance was conducted at four large hospitals, including three general hospitals and one pediatric hospital, located within two districts of Jingzhou City, Hubei Province, China. In 2010, the total population residing within these two districts was 1 154 086, of which 122, 301 (11%) were children aged <15 years, and 39 729 (3%) were aged <5 years. 15 The mean annual temperature in this humid subtropical city is 16Á5°C, and the average rainfall is 1100-1300 mm. 16 Before initiating surveillance, we reviewed medical records to obtain International Classification of Diseases 10th Revision (ICD-10) discharge diagnoses for all healthcare facilities that provide inpatient services in these two districts. The four hospitals in our surveillance system consistently accounted for the majority of hospitalizations in the two districts whether for all discharge diagnoses (median 65%, range: 62-73%) between 2006 and 2010 or for age-specific influenza-associated primary discharge diagnoses (median 70%, range: 69-71%, ICD-10 codes: H66, J00-J99, P23.9, R50.9, I27.9) between 2006 and 2008 (Table S1) .
Patient enrollment
All patients admitted to a surveillance hospital were screened by nurses and physicians for SARI. A patient was defined as having SARI if they had an elevated temperature (rectal or axillary temperature ≥37Á3°C) and at least one sign or symptom of acute respiratory illness, including cough, sore throat, tachypnea, difficulty breathing, abnormal breath sounds on auscultation, sputum production, hemoptysis, chest pain, or chest radiograph consistent with pneumonia. Patients were considered eligible if the SARI case definition was met within 24 hours of hospital admission. We excluded newborns born in a surveillance hospital and not yet discharged after birth.
This project was approved by the ethical review committees at the Chinese Center for Disease Control and Prevention (China CDC, Beijing, China) and the Centers for Disease Control and Prevention (US CDC, Atlanta, United States). In response to pH1N1, China's Ministry of Health implemented new national influenza surveillance guidelines in October 2009; for this project, therefore, study participation only required patients or their parent/guardian to provide brief verbal consent.
Patient data collection
After hospital admission, physicians obtained verbal consent from eligible patients or their parent/guardians and then completed a standardized case report form. At hospital discharge, physicians were required to update the form to include data about clinical course in the hospital, including treatments received, complications, and outcome. Public health staff telephoned patient homes up to 3 months after discharge to document whether patients were alive 30 days after discharge.
Specimen collection and testing
Nurses collected nasopharyngeal (NP) swabs from SARI case-patients within 24 hours of admission following standardized procedures. Swabs were placed immediately in viral transport medium (VTM) and stored at 4°C at the local hospital. Specimens were transferred three times per week, most within 48 hours of collection, to the Jingzhou Center for Disease Control and Prevention (Jingzhou CDC). At Jingzhou CDC, specimens in VTM were stored at À70°C until testing by real-time reverse transcription PCR (rRT-PCR). Viral RNA was extracted from 200 ll of VTM using an RNeasy Mini kit (Qiagen, Dusseldorf, Germany) per the manufacturer's protocols. RNA from each sample was tested for specific primers and probes that target influenza A, influenza B, pH1N1, seasonal A (H1N1), and seasonal A (H3N2), following the US CDC's protocol. 17 These assays were performed in biosafety level 2 facilities of Jingzhou CDC, which undergoes quality control assessment by the National Influenza Center at the China CDC.
Data analysis
Hospital and Jingzhou CDC staff entered data into an electronic database that was transmitted monthly to the China CDC. After a three-month pilot period that began in January 2010, we collected data continuously. We analyzed data that were collected from April 5, 2010 -April 8, 2012 with SPSS (v13.0; SPSS, Chicago, IL, USA). We defined a patient with laboratory-confirmed influenza as any SARI case-patient with an NP swab that tested positive for influenza virus by rRT-PCR.
We estimated hospitalization rates for SARI, stratified by age group, by adjusting for the size of the resident population in the two districts and the age-specific proportion of all influenza-associated hospitalized patients at the four surveillance hospitals. We estimated hospitalization rates of SARI attributable to laboratory-confirmed influenza, adjusted for the proportion of SARI patients that had NP swabs collected for influenza testing. We excluded data for non-residents from the numerators and denominators to estimate hospitalization rates. We adjusted the proportion for all hospitalized patients, instead of the proportion of influenzaassociated hospitalized patients, evaluated in the four surveillance hospitals.
Results
Characteristics of SARI patients
From April 5, 2010-April 8, 2012, 66 804 patients were hospitalized in the four surveillance hospitals, and 17 172 (26%) patients with SARI were enrolled ( Figure 1 ). Among patients with SARI, 95% were residents of the surveillance districts. The vast majority (90%) of SARI cases were in children aged <15 years, with a median age of 2Á2 years [interquartile range (IQR), 1-4Á4 years]. Few SARI casepatients (7%) had a chronic medical condition (Table 1) . A temperature >38°C was documented in 60% of SARI casepatients at the time of physical examination; of note, the case report form only recorded the patient's temperature at the time they were examined on the inpatient ward, not their temperature at presentation to the emergency department or outpatient clinic. Cough was the most common symptom (60%).
Of 8486 (49%) of 17 172 SARI patients that had a chest Xray performed, 3814(45%) were reported to have radiographic evidence of pneumonia. Of 4329 (89%) of 4885 SARI Age group <6 months 1318 (8) 156 (8) 1099 (8) 6-11 months 3121 (18) 263 (13) 2684 (19) 12-23 months
3596 (21) 339 (17) 3042 (22) 2-4 years 5318 (31) 669 (33) 4361 (31) 5-9 years 1710 (10) 300 (15) 1300 (9) 10-14 years 319 (2) 49 (2) 242 (2) 15-49 years 617 (4) 93 (5) 495 (4) 50-64 years 454 (3) 77 (4) 360 (3) ≥65 years 719 (4) 111 (5) 568 (4) Underlying chronic medical conditions
At least one*** 1200 (7) 184 (9) 951 (7) <0Á001 Chronic obstructive pulmonary disease †
(0Á9)
27 (1) 111 ( 1408 (68) 8284 (59)
<0Á001
Sore throat 4444 (26) 461 (22) 3794 (27) <0Á001 Runny nose 2279 (13) 341 (17) 1811 (13) <0Á001 Sputum production 2188 (13) 307 (15) 1750 (12) 0Á001 Difficulty breathing 892 (5) 93 (5) 740 (5) 0Á174 Documented tachypnea ‡ ‡ ‡
(2)
36 (2) 207 ( 74 (4) 767 (5) <0Á001 Diarrhea 635 (4) 30 (2) 564 (4) <0Á001 Abdominal pain 254 (2) 29 (1) 209 (2) 0Á813 Clinical pneumonia 4885 (28) 576 (28) 4062 ( patients clinically diagnosed with pneumonia that had a chest X-ray performed, 3814 (88%) were reported to have radiographic evidence of pneumonia. The median duration of hospitalization for SARI patients was 5 days (IQR, 4-7), and 154 (0Á9%) patients were admitted to an intensive care unit. Sixty-two (0Á4%) patients died either in the hospital or within 30 days after discharge ( Table 1) .
Characteristics of patients with laboratoryconfirmed influenza
Of SARI cases, 16 208 (94%) had an NP swab specimen collected, and 2057 (13%) tested positive for influenza viruses by rRT-PCR, of which 1776 (86%) were children aged <15 years and 1427 (69%) were aged <5 years. Characteristics of SARI patients who had NP swabs collected were similar to those who did not have NP swabs collected (Table  S2 ). Influenza viruses detected included A (H3N2) (785, 38%), pH1N1 (274, 13%), and influenza B (998, 49%).
Severe acute respiratory infection patients with confirmed influenza had a significantly higher median age than those without confirmed influenza (2Á9 years versus 2), and more often had at least one chronic medical condition (9% versus 7%) including chronic obstructive pulmonary disease and asthma (P < 0Á01 for both comparisons). Compared with SARI patients without confirmed influenza, those with confirmed influenza more frequently had cough, runny nose, and sputum production, but less often had sore throat, vomiting, and diarrhea (Table 1) . Eight deaths occurred among SARI case-patients with confirmed influenza including three that died during hospitalization and five that died within 30 days after discharge.
Temporal trends
Over the 24-month period, there was no clear seasonal peak for SARI patients, though there were relative increases in influenza activity during summer (August and September), winter (December to February), and spring (March to May) months ( 
Hospitalization rates associated with influenza
Of 2057 SARI patients with laboratory-confirmed influenza, 1964 (95%) were residents of the surveillance districts. Overall, influenza was associated with an estimated 115 SARI hospitalizations per 100 000 during 2010-2011 and 142 per 100 000 during 2011-2012 among all ages, with the highest rates among children aged 6-11 months (3603 and 3805 There are a certain proportion of case-patients with no influenza testing results, so patients with and without confirmed influenza are not total SARI patients. **The P-values are comparisons between 'SARI patients with confirmed influenza' and 'SARI patients without confirmed influenza'.
***Atleast one underlying medical condition defined as: an inpatient stays with admission diagnosis in any of the following disease, symptoms or signs: chronic obstructive pulmonary disease, asthma, cardiovascular disease, diabetes chronic metabolic disease, or renal dysfunction. †Chronic obstructive pulmonary disease defined as: a lung disease characterized by chronic obstruction of lung airflow that interferes with normal breathing and is not fully reversible. † †Denominator is patients <2 years old with complete information for this variable. † † †Low birth weight defined as a weight of <2500 g (up to and including 2499 g), irrespective of gestational age. ‡Premature birth defined as a birth that takes place before 37 weeks of gestation have passed.
‡ ‡Compare with patients with normal temperature. ‡ ‡ ‡Documented tachypnea defined as: elevated respiratory rate in different age groups: (i) Age 
Discussion
Our study is the first in China to estimate hospitalization rates attributable to influenza by viral type/subtype among a well-defined population. We found that a substantial number of patients are hospitalized annually with influenza, especially children aged <5 years. Hospitalization rates varied by influenza type/subtype, with much higher rates associated with influenza B than A(H3N2) during 2011-2012. Influenza hospitalizations varied throughout the year with peaks in summer, winter, and spring months, in contrast with the distinct winter-only peak observed in Northern China. Among all cause hospitalizations in young children aged <5 years in the surveillance hospitals, we estimate that 35% were for SARI during the two-year-study period, including 4% with laboratory-confirmed influenza. Influenza-associated SARI hospitalization rates were high for children aged <5 years in each of the two seasons, but were sharply lower for those aged ≥5 years. Similarly high hospitalization rates have also been documented for seasonal influenza in subtropical regions such as Hong Kong SAR, Bangladesh and Mexico, with estimated rates varying from 380 to 670 per 100 000 population among children aged <5 years. [11] [12] [13] Studies conducted in the temperate USA, which used different methodologies and denominators, reported estimated hospitalization rates for laboratory-confirmed influenza of 8Á6 per 10 000 children, 3-4 per 1000 children aged <2 years/year and 5-151 per 100 000 per person-months for 16   12  3  24  14  5  26  16  6  27  18  8  29  20  10  31  21  14  4  25  16  6  27  18  8  29  19  10  31  21  12  2  23  13  5 children aged <5 years. 5, 6, 8 Our findings are consistent with a recent global systematic review, which estimated 3500 influenza-associated acute lower respiratory infections (ALRI) occurred in developing countries and 200 influenza-associated severe ALRI cases in the WHO Western Pacific region per 100 000 for children younger than 5 years in 2008, respectively. 19 Studies in temperate countries, such as USA, have reported the highest influenza-associated hospitalization rates in infants aged <6 months, 4 with high rates also observed in persons aged ≥65 years. 20 We found that, in central China, influenza-associated hospitalization rates among persons ≥65 years were much lower than for young children, but are slightly higher than that the rates estimated in subtropical Bangladesh 12 and in the temperate USA. 20 The highest influenza-associated hospitalization rate in our study was in infants aged 6-11 months and the second highest in those <6 months. This is different from that observed in the USA, where the highest rate was observed in infants<6 months, although that study did not provide specific data on children aged 6-11 months. 4 To our knowledge, our study is one of the first to report hospitalization rates attributable to influenza by viral type/ subtype. A few small cohort studies reported the proportion of children presenting at the emergency room in France 21 and in USA, 22 and the proportion of health care visits in the USA, 6, 23 caused by influenza B and A(H3N2). Influenza Bassociated hospitalization rates in our study during 2011-2012 were more than twice the rates associated with A (H3N2). This finding suggests that illness caused by influenza B virus were at least as severe as A(H3N2) viral infections in one season, which is different than one study in which estimated excess hospitalization rates associated with influenza B were lower than for A(H3N2) using a time series modeling approach. 24 Influenza viral strains associated with SARI in Jingzhou were generally similar to the predominant strains detected by the national influenza surveillance system in the region. In our study, similar to A(H3N2) viruses, influenza B viruses were associated with a disproportionate number of hospitalizations in children aged <5 years during the 2-year surveillance period, which is different from the perception that influenza B illness appears to be highest among older children and young adults. Multiple studies have reported that children with influenza B are older than those with influenza A. [25] [26] [27] [28] In two studies that described influenza illness among children and adults, the proportion of illnesses caused by influenza B relative to influenza A was highest for individuals aged 5-29 years 29 and 2-39 years, 30 respectively. There are a number of reasons why influenza-associated hospitalization rates may vary across time, countries, and climates. Direct comparisons may be limited by differences in case definitions, diagnostic methods, age stratification, study period, influenza activity and seasonality, influenza vaccine coverage, health care utilization, structure of the health care system, population age structure, and clinical criteria for hospital admission. Host immunity and virulence of influenza viral strains, such as pH1N1 virus or antigenically drifted strains, may also contribute to differences. Compared with other studies, we used a broad SARI case definition for enrollment. Compared to estimates of excess influenzaassociated deaths using an indirect method approachstatistical models, 18 few studies have used a direct method approach to estimate mortality attributable to laboratoryconfirmed influenza. This may be because deaths caused by influenza may be unrecognized or attributed to co-morbidities or to secondary complications, particularly among the elderly. 31, 32 Our study population had a lower prevalence of known chronic medical conditions compared with that reported in the USA [4] [5] [6] [7] and may be partially explained by an overall lower prevalence of chronic diseases among the general Chinese population. 33 Obtaining accurate data about hospitalizations associated with influenza is important for allocating resources for diagnosis, treatment, and the prevention of respiratory pathogens. Further studies are needed to elucidate how much variability in hospitalization rates is attributable to health-seeking behavior and physician practice and how much to differences in host and pathogen factors. One important next step will be identifying what pathogens are responsible for the 87% of SARI patients who tested negative for influenza viruses, including Streptococcus pneumoniae and Haemophilus influenzae type B, the leading bacterial causes of childhood pneumonia. 34, 35 The results in our study have important implications for influenza prevention in China. Seasonal influenza vaccination is not included in the national immunization program, and individuals must purchase it themselves. China CDC currently recommends annual influenza vaccination for persons with chronic illness, pregnant women, individuals aged <5 or ≥60 years old, health care workers, and close contacts of high-risk individuals, 36 an estimated population of 570 million.
14 China does not currently have the capacity to produce this much influenza vaccine.
14 Many in China perceive that influenza does not contribute substantially to morbidity, but our study demonstrates that many persons are hospitalized annually for influenza, particularly children aged <5 years. Our results support China CDC's recommendations and strongly suggest that influenza vaccination should be targeted at young children if the goal is to reduce severe complications of influenza.
Our study is subject to several limitations. First, this study was only conducted for a 24-month period, and the influenza disease burden findings may not reflect hospitalization rates over many years. Second, we may have under-estimated influenza-associated hospitalizations, because we required that patients have an elevated temperature when screened within 24 hours after admission. A substantial population of hospitalized influenza patients do not have fever, particularly the elderly, 37, 38 and influenza viral infection can exacerbate underlying conditions resulting in hospitalization and death from non-respiratory illness, such as myocardial infarction and diabetic ketoacidosis. [39] [40] [41] [42] Diagnostic techniques, such as reverse transcription polymerase chain reaction (RT-PCR) and viral isolation, may yield false-negative results if samples are collected after viral shedding has ceased. This could also lead to under-estimation of influenza-associated hospitalizations. Third, SARI surveillance was not conducted at all hospitals, in the city. Fourth, the low median age and high estimated influenza-associated hospitalization rates for young children might be partially explained by the predominance of 2009 H1N1 and influenza B viruses during five of the seven periods of influenza activity under surveillance for this study. However, additional years of surveillance, especially during periods when H3N2 viruses are predominating, and health utilization survey data, are needed to assess the impact of influenza complications among elderly persons in Jingzhou and other areas of China. Finally, the findings from this study should not be generalized to all of China, where climate and other factors may cause variation in influenza burden.
Given the enormous population, geographic area, and diversity of climates, multiyear population-based surveillance with laboratory confirmation of viral and bacterial respiratory pathogens should be implemented in different geographical and climactic regions of China. Data from such studies will provide evidence to help prevent influenza and other respiratory infections in China. Continuing surveillance over several years and conducting similar studies in temperate and subtropical regions in China will help confirm our findings on influenza seasonality and may help improve our understanding of factors driving seasonality.
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